CLAIMS 



A method for dispensing a flowable substance on a microelectronic 
substrate, comprising: 

initiating a flow of the flowable substance toward a surface of the 
microelectronic substrate; 

dispensing a portion of the flowable substance on the surface of the 
microelectronic substrate; 

receiving an image of a field that includes at least some of the flowable 
substance on the surface of the microelectronic substrate; 

based on the image, determining an elapsed time between a first point in 
time and a second point in time, the second point in time 
corresponding to a point at which a selected fraction of the field is at 
least approximately covered with the flowable substance; 

determining an error value between the elapsed time and a target elapsed 
time; and 

adjusting a characteristic of a manner in which the flowable substance is 
directed toward the microelectronic substrate when the error value 
exceeds a target error value by a pre-selected amount. 

The method of claim 1, further comprising selecting the flowable substance 
to include a photoresist material, and wherein determining an error value and 
adjusting a characteristic are performed by a digital computer, further wherein a 
valve is positioned along a flow path of the flowable substance between a source 
of the flowable substance and the microelectronic substrate, the valve having an 
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open state and a closed state, further wherein adjusting a characteristic includes 
adjusting a rate at which the valve changes from the closed state to the open 
state. 

The method of claim 1, further comprising selecting the flowable substance 
to include a photoresist material, and wherein receiving an image includes 
receiving a video image, further wherein determining an error value and adjusting 
a characteristic are performed by a digital computer, and wherein a valve is 
positioned along a flow path of the flowable substance between a source of the 
flowable substance and the microelectronic substrate, the valve having an open 
state and a closed state, still further wherein adjusting a characteristic includes 
adjusting a rate at which the valve changes from the closed state to the open 
state. 

The method of claim 1 wherein a valve is positioned along a flow path of 
the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein initiating the flow of the flowable substance includes transmitting a signal 
from a digital computer to the valve to change the valve from the closed state to 
the open state. 

The method of claim 1 wherein a valve is positioned along a flow path of 
the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein initiating the flow of flowable substance includes transmitting a signal to 
the valve to change from the closed state to the open state. 

The method of claim 1 wherein a valve is positioned along a flow path of 
the flowable -substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
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wherein the method further comprises selecting the first point in time to 
correspond to a time at which a signal is transmitted to the valve, the signal 
causing the valve to change from the closed state to the open state. 

The method of claim 1 wherein a valve is positioned along a flow path of 
the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein initiating the flow includes transmitting an electrical signal to a solenoid to 
move the solenoid, with the movement of the solenoid changing a flow of air 
operatively coupled to a portion of a valve that changes from a closed position to 
an open position. 

The method of claim 1 wherein initiating the flow toward the microelectronic 
substrate includes initiating the flow along a fluid path that leads toward the 
microelectronic substrate. 

The method of claim 1 wherein a valve is positioned along a flow path of 
the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein adjusting a characteristic includes manually adjusting a rate at which the 
valve changes to the open state. . 

The method of claim 1 wherein a digitally controlled valve is positioned 
along a flow path of the flowable substance between a source of the flowable 
substance and the microelectronic substrate, the valve having an open state and 
a closed state, and wherein adjusting a characteristic includes automatically 
adjusting a rate at which the valve changes to the open state. 
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! c11 ) The method of claim 1 wherein adjusting a characteristic includes adjusting 

a characteristic when the .error value exceeds a target error value of 
approximately 0.4 second. 

[ci2] The method of claim 1 wherein adjusting a characteristic includes adjusting 

a characteristic when the error value exceeds a target error value of about 0.01 
second. 

Ici3] The method of claim 1 wherein the microelectronic substrate is a first 

microelectronic substrate and adjusting a characteristic is performed after 
dispensing the flowable substance on the first microelectronic substrate and 
before dispensing the flowable substance on a second microelectronic substrate. 

[ci4] The method of claim 1 wherein adjusting a characteristic is performed while 

dispensing the flowable substance on the microelectronic substrate. 

[ci5] The method of claim 1 wherein a valve is positioned along a flow path of 

the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein adjusting a characteristic includes adjusting a rate at which the valve 
moves from the closed state to the open state. 

[ci6] The method of claim 1 wherein a fluid path between a source of the 

flowable substance and the microelectronic substrate includes a valve configured 
to selectively reverse movement of the flowable substance toward the 
microelectronic substrate,, and wherein adjusting a characteristic includes 
adjusting a rate at which the valve reverses the movement of the flowable 
substance. 
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[ci7] The method of claim 1 wherein adjusting a characteristic includes adjusting 

a pressure at which the flowable substance is directed along a fluid path toward 
the microelectronic substrate. 

[ci8] The method of claim 1 wherein a valve is positioned along a flow path of 

the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein adjusting a characteristic includes adjusting a flow area of the valve in the 
open state. 

[ci9] The method of claim 1 wherein a valve is positioned along a flow path of 

the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein a pump is positioned in fluid communication with the flow path, still further 
wherein adjusting a characteristic includes adjusting a length of time between 
activating the pump and opening the valve by increasing the length of time when 
the elapsed time is greater than the target time and decreasing the length of time 
when the elapsed time is less than the target time. 

[c20] The method of claim 1 wherein determining an elapsed time includes 

determining an elapsed time between the first time and a time when about 20% of 
the field is covered with the flowable substance. 

[c2i] The method of claim 1 wherein the microelectronic substrate is one of a 

plurality of microelectronic substrates, and wherein the method further includes 
disposing the flowable substance on the plurality of microelectronic substrates to 
an average thickness that varies by less than about ten angstroms from one 
substrate to another. 
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[c22] The method of claim 1 wherein dispensing includes dispensing the 

flowable substance on the microelectronic substrate to a thickness that varies by 
less than about 1 5 angstroms over the surface of the microelectronic substrate. 

[c23] The method of claim 1 wherein initiating, dispensing, generating, 

determining, and adjusting are performed with a first apparatus on a first 
microelectronic substrate, and wherein the method further includes performing 
these processes with a plurality of apparatuses on a corresponding plurality of 
microelectronic substrates to form a corresponding plurality of photoresist layers 
having an average thickness that varies by less than about 15 angstroms for 
layers formed on one apparatus to layers formed on the next apparatus. 

[c24j The method of claim 1, further comprising selecting the flowable substance 

to include a photoresist material. 

[c25] The method of claim 1 wherein the portion of the flowable substance is a 

first portion, and wherein the method further comprises disposing a second 
portion of the flowable substance on the microelectronic substrate to at least 
approximately cover the surface of the microelectronic substrate. 

[c26j The method of claim 1 , further comprising selecting the field to cover about 

four square centimeters of a surface area of one surface of the microelectronic 
substrate. 

Ic27] The method of claim 1 wherein receiving an image includes receiving a 

video image, and wherein the method further comprises generating the video 
image. 
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{c28] The method of claim 1 wherein receiving an image includes receiving a 

machine readable image, and wherein the method further comprises generating 
the machine-readable image. 

(c29] The method of claim 1 wherein receiving an image includes a user 

receiving the image. 

(c30] The method of claim 1 wherein determining an elapsed time and 

determining an error value are performed by a digital computer. 

[c3i] A method for disposing a flowable substance on a microelectronic 

substrate, comprising: 

initiating a flow of the flowable substance toward a surface of the 
microelectronic substrate; 

dispensing a portion of the flowable substance on the surface of the 
microelectronic substrate; 

receiving an image of a field that includes at least some of the flowable 
substance on the surface of the microelectronic substrate; 

comparing a characteristic of the image with a pre-selected characteristic; 
and 

adjusting a characteristic of a manner in which the flowable substance is 
directed toward the microelectronic substrate when a difference 
between the image characteristic and the pre-selected characteristic 
exceeds a target level. 
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[c32] The method of claim 31 wherein comparing a characteristic of the image 

includes comparing an amount of the field at least approximately covered with the 
flowable substance to a target amount. 

[c33] The method of claim 31 wherein adjusting a characteristic includes 

adjusting a characteristic when an amount of the field at least approximately 
covered with the flowable substance differs from a target amount by at least a pre- 
selected amount. 

[c34] The method of claim 31 wherein comparing an image includes comparing 

the image with an image having about 20% of the field covered with the flowable 
substance. 

[c35] The method of claim 31, further comprising selecting the flowable 

substance to include a photoresist material, and wherein comparing a 
characteristic of the image with a pre-selected characteristic and adjusting a 
characteristic of a manner in which the flowable substance is directed toward the 
microelectronic substrate are performed by a digital computer, and wherein a 
valve is positioned along a flow path of the flowable substance between a source 
of the flowable substance and the microelectronic substrate, the valve having an 
open state and a closed state, further wherein adjusting a characteristic includes 
adjusting a rate at which the valve changes from the closed state to the open 
state. 

Ic36] The method of claim 31, further comprising selecting the flowable 

substance to include a photoresist material, and wherein receiving an image 
includes receiving a video image, and wherein comparing a characteristic of the 
image with a pre-selected characteristic and adjusting a characteristic of a 
manner in which the flowable substance is directed toward the microelectronic 
substrate are performed by a digital computer, and wherein a valve is positioned 
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along a flow path of the flowable substance between a source of the flowable 
substance and the microelectronic substrate, the valve having an open state and 
a closed state, further wherein adjusting a characteristic includes adjusting a rate 
at which the valve changes from the closed state to the open state. 

[c37j The method of claim 31 wherein a valve is positioned along a flow path of 

the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein initiating the flow of flowable substance includes transmitting a signal to 
the valve to change from the closed state to the open state. 

(c38] The method of claim 31 wherein receiving an image of a field that includes 

at least some of the flowable substance includes a user receiving the image. 

[c39] The method of claim 31 wherein initiating the flow toward the 

microelectronic substrate includes initiating the flow along a fluid path that leads 
toward the microelectronic substrate. 

MO] The method of claim 31 wherein a valve is positioned along a flow path of 

the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein adjusting a characteristic includes manually adjusting a rate at which the 
valve changes to the open state. 

[c4i] The method of claim 31 wherein a digitally controlled valve is positioned 

along a flow path of the fJowable substance between a source of the flowable 
substance and the microelectronic substrate, the valve having an open state and 
a closed state, and wherein adjusting a characteristic includes automatically 
adjusting a rate at which the valve changes to the open state. 
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[c42] The method of claim 31 wherein the microelectronic substrate is a first 

microelectronic substrate and adjusting a characteristic is performed after 
dispensing the flowable substance on the first microelectronic substrate and 
before dispensing the flowable substance on a second microelectronic substrate. 

[c43] The method of claim 31 wherein adjusting a characteristic is performed 

while dispensing the flowable substance on the microelectronic substrate. 

[c44] The method of claim 31 wherein initiating, dispensing, receiving, 

comparing, and adjusting are performed with a first apparatus on a first 
microelectronic substrate, and wherein the method further includes performing 
these processes with a plurality of apparatuses on a corresponding plurality of 
microelectronic substrates to form a corresponding plurality of photoresist layers 
having an average thickness that varies by less than about 15 angstroms for 
layers formed on one apparatus to layers formed on the next apparatus. 

[c45] The method of claim 31, further comprising selecting the flowable 

substance to include a photoresist material. 

[c46] The method of claim 31 wherein generating an image includes receiving a 

video image, and wherein the method further includes generating the video 
image. 

(c47] The method of claim 31 wherein receiving an image includes receiving a 

machine readable image, and wherein the method further includes generating the 
machine-readable image. . 
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[c48] A method for disposing a flowable substance on a microelectronic 

substrate, comprising: 

dispensing a portion of the flowable substance on a surface of the 
microelectronic substrate; 

receiving an image of at least some of the flowable substance on the 
surface of the microelectronic substrate; 

comparing a characteristic of the image with a pre-selected characteristic, 
or comparing a time required to dispense the portion of the flowable 
substance with a pre-selected time by reference to the image, or 
both comparing the image and the time; and 

adjusting a characteristic of the dispense process when the image differs 
from the pre-selected image by at least a pre-determined amount, or 
when the time differs from the pre-selected time by at least a pre- 
determined amount, or both. 

[c49] The method of claim 48, further comprising selecting the flowable 

substance to include a photoresist material, and wherein comparing the image or 
the time and adjusting a characteristic are performed by a digital computer, and 
wherein a valve is positioned along a flow path of the flowable substance between 
a source of the flowable substance and the microelectronic substrate, the valve 
having an open state and a closed state, further wherein adjusting a characteristic 
includes adjusting a rate at which the valve changes from the closed state to the 
open state. 

[c50] The method of claim 48 wherein initiating the flow toward the 

microelectronic substrate includes initiating the flow along a fluid path that leads 
toward the microelectronic substrate. 
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[c5i] The method of claim 48 wherein the portion of the flowable substance is a 

first portion, and wherein the method further comprises disposing a second 
portion of the flowable substance on the microelectronic substrate to at least 
approximately cover the surface of the microelectronic substrate. 

[c52] The method of claim 48 wherein comparing an image includes comparing 

the image with an image having about 20% of the field covered with the flowable 
substance. 

[c53] The method of claim 48 wherein the microelectronic substrate is a first 

microelectronic substrate and adjusting a characteristic is performed after 
dispensing the flowable substance on the first microelectronic substrate and 
before dispensing the flowable substance on a second microelectronic substrate. 

Ic54] The method of claim 48 wherein adjusting a characteristic includes 

adjusting a rate at which a valve in a fluid path between a source of the 
photoresist and the microelectronic substrate opens. 

{c55j The method of claim 48 wherein adjusting a characteristic includes 

adjusting a pressure with which the flowable substance is directed along a fluid 
path toward the microelectronic substrate. 

[c56] The method of claim 48, further comprising selecting the flowable 

substance to include a photoresist material. 

l c57 J The method of claim 48 wherein a valve is positioned along a flow path of 

the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein dispensing a portion of the flowable substance includes transmitting a 
signal to the valve to change from the closed state to the open state. 
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Ic58] A method for controlling a thickness of a layer of flowable substance on a 

microelectronic substrate, comprising: 

disposing a portion of the flowable substance on a surface of the 
microelectronic substrate; 

determining whether the flowable substance is disposed at a target rate by 
comparing a machine-generated image of the amount of flowable 
substance disposed on the microelectronic substrate to a target 
amount of flowable substance, or comparing a period of time taken 
to cover a selected field of view with flowable substance to a target 
period of time, or both; and 

adjusting a characteristic of a manner in which the flowable substance is 
disposed on the surface of the microelectronic substrate when an 
actual rate at which the flowable substance is disposed differs from 
the target rate by at least a selected amount. 

[c59j The method of claim 58 wherein comparing the image or the period of time 

and adjusting a characteristic are performed by a digital computer, and wherein a 
valve is positioned along a flow path of the flowable substance between a source 
of the flowable substance and the microelectronic substrate, the valve having an 
open state and a closed state, further wherein adjusting a characteristic includes 
adjusting a rate at which the valve changes from the closed state to the open 
state. 

[ceo] The method of claim 58 wherein initiating the flow toward the 

microelectronic substrate includes initiating the flow along a fluid path that leads 
toward the microelectronic substrate. 
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[c6i] The method of claim 58 wherein the portion of the flowable substance is a 

first portion, and wherein the method further comprises disposing a second 
portion of the flowable substance on the microelectronic substrate to at least 
approximately cover the surface of the microelectronic substrate. 

[c62] The method of claim 58 wherein comparing an image includes comparing 

the image with an image having about 20% of the field covered with the flowable 
substance. 

[c63] The method of claim 58 wherein the microelectronic substrate is a first 

microelectronic substrate and adjusting a characteristic is performed after 
dispensing the flowable substance on the first microelectronic substrate and 
before dispensing the flowable substance on a second microelectronic substrate. 

(c64j The method of claim 58 wherein adjusting a characteristic includes 

adjusting a rate at which a valve in a fluid path between a source of the flowable 
substance and the microelectronic substrate opens. 

[c65] The method of claim 58 wherein adjusting a characteristic includes 

adjusting a pressure with which the flowable substance is directed along a fluid 
path toward the microelectronic substrate. 

[c66] The method of claim 58 wherein a valve is positioned along a flow path of 

the flowable substance between a source of the flowable substance and the 
microelectronic substrate, the valve having an open state and a closed state, and 
wherein disposing the flowable substance includes transmitting a signal to the 
valve to change from the closed state to the open state. 
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A method for controlling a thickness of a layer of liquid photoresist 
disposed on a surface of a microelectronic substrate, comprising: 

selecting a field corresponding to at least a portion of the surface of the 
microelectronic substrate; 

selecting a target fraction of the field; 

selecting a target time associated with the target fraction; 

directing a valve to open to initiate a flow of liquid photoresist along a fluid 
path toward a surface of the microelectronic substrate while 
generating a video image of the field; 

with reference to the video image, determining an elapsed time between a 
selected point in time and a point at which the target fraction of the 
field is covered with photoresist; 

determining an error value between the elapsed time and the target time; 
and 

adjusting a speed with which the valve opens when the error value exceeds 
a target error value. 

The method of claim 67, further comprising selecting the selected point in 
time to be a point at which a signal is transmitted to the valve to cause the valve 
to open. 

The method of claim 67 wherein determining an elapsed time, determining 
an error value, and adjusting a speed are performed automatically by a computer. 
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The method of claim 67 wherein determining an elapsed time and 
determining an error value are performed by a computer, and wherein adjusting a 
speed is performed manually. 



[c7i] A method for calibrating an apparatus for dispensing liquid photoresist on a 

surface of a microelectronic substrate, comprising: 

selecting a field corresponding to at least a portion of a surface of the 
microelectronic substrate; 

selecting a target fraction of the field; 

selecting a target time associated with the target fraction; 

selecting a target error; and 

until an error between the target time and an elapsed time is less than or 
equal to the target error: 

directing a valve to open to initiate a flow of liquid photoresist along 
a fluid path toward a surface of a microelectronic substrate 
while the microelectronic substrate is supported on the 
apparatus and while generating a video image of the field; 

with reference to the video image, determining an elapsed 
time between directing the valve to open and a point at 
which the target fraction of the field is covered with 
photoresist; 

determining an error value between the elapsed time and the 
target time; and 

adjusting a speed with which the valve opens when the error 
value exceeds a target error value. 
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[c72] The method of claim 71 wherein determining an elapsed time, determining 

an error value, and adjusting a speed are performed automatically by a computer. 
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